The ability to make a correct diagnosis is one of the physicians' core competencies. In view of continuous medical education, the way to establish and maintain this expertise has been explored. Reflection has been reported to serve as an effective measure of remediating individual diagnostic skill. This article highlights three reflections which are reflection in action, reflection on action, and reflection for action, evidenced by past reports. Applying these reflections allows physicians to revisit the link between fundamental and interdisciplinary medical knowledge in conjunction with prior experience, thereby developing enhanced levels of diagnostic expertise and mastery.
The diagnostic reasoning expertise, one of the physicians' core competencies, should be developed throughout his/her career. Despite its importance, no concrete method of lifelong education for cultivating this expertise has been established in the history of medical education. 1 It is worth noting that physicians have been relying on incomplete experiences during pre-and postgraduate training, reflecting that there has been no definite method for this training. 2 It is said that the common practice for physicians is to train themselves on their own and see more patients, thus building their expertise based on the popularly known rule of 10,000 hrs of experience or the law of transformation of quantity into quality; another technique is to directly or indirectly imitate other physicians with superior skills. 3 However, when a physician learns general competency, which requires multifaceted abilities such as communication and logical thinking, through random experience based on clinical situations that are full of complexities, context-specificity, and bias confounding, the acquired clinical skills has a large variance among physicians in quality. It is because of this that we believe that guidelines and principles should exist for training on diagnostic expertise. The dual process theory(DPT), which is based on a complementary relationship between intuitive processes and analytical processes, has been internationally recognized as a fundamental principle concerning diagnostic reasoning, underpinning diagnostic process and supporting diagnostic expertise. 4 Indeed, the principle or the "form" of diagnostic reasoning, so-called Diagnostic Strategy established and proposed from Japan, is currently based on the DPT. 5 The effectiveness of applying diagnostic reasoning strategy to daily practice, however, has not been well recognized and utilized in the daily clinical setting. By adhering to the Diagnostic Strategy as the basic guideline for practicing physicians to make correct and swift diagnoses than what they have done, they should be able to equip solid diagnostic skills.
In contrast, how should we construct a principle theory for the lifelong training of diagnosis, not for the theory of diagnosis itself? Physicians' growth patterns can be categorized into two, one for experts who strive for constant growth and another for experienced non-experts who gain experience. 6 This growth patterns can be applied in the way of growth in diagnostic reasoning expertise. The difference between the two is whether or not the physician is devoted to his/her selfimprovement even after becoming accustomed to clinical practice to a certain extent. In other word, the difference between the two groups of physicians can be found in self-reflection, a powerful motivating tool that enhances physicians' growth. Based on the above theory, the growth curve of the two groups are depicted as steep growth curve or flattened growth curve, representing that the steep curve as "with self-reflection" and the flattened curve as "without self-reflection" or "lack of input of new insights," respectively ( Figure 1 ). Self-reflection has been reported as successful in enhancing physicians' diagnostic reasoning. 7 Recently, we have been experiencing incremental complex multimorbidity in daily clinical practice. 8 This condition may impede diagnostic reasoning because of the potential involvement of multiple biases in clinical decision making, which render training on diagnostic reasoning challenging. Hence, physicians should acknowledge these biases and learn the way to manage them for the successful establishment of diagnostic expertise. Moreover, physicians should develop adaptive expertise, which refers to a level of expertise that is flexible enough to function in novel situations. 9 Adaptive expertise in the context of diagnostic reasoning may mean comprehensive and flexible thinking in making a diagnosis, that is expected to act effectively not only for solving simple cases but for solving complex cases. Reflection has been reported to allow physicians for enhancing diagnostic thinking process, including the adaptive expertise. 10 Therefore, reflection may serve as a substantial guide to cultivate the diagnostic expertise even in the complex medical situation.
Besides, physicians should revisit a link between fundamental and interdisciplinary medical knowledge in conjunction with prior experience in reflecting diagnostic reasoning. The diagnostic thinking process needs to encompass the link between science and art, analytic thinking and intuition, and knowledge and the possibility of delineating the truth. This comprehensive relationship should be noted in the practice of reflection, thereby fostering sophisticated levels of diagnostic expertise.
Stemming from the reflective thinking advocated by Dewey in the early 20th century, reflection was emphasized by Schön in his book, "The Reflective Practitioner". Specifically, this is an education model of "reflection in action" and "reflection on action", in which professionals turn actual challenges into self-lessons. 11 Furthermore, another concept of reflection, "reflection for action" was made by Killion and Todnem, involving forethought for planning actions. 12 The sequential model of these reflections is expected to be quite essential in the training of diagnostic expertise.
In the context of diagnostic reasoning expertise, the practice of reflection in action means to handle difficulties and to permit modification of actions while reflecting on the matter: somehow making a diagnosis on the spot while simultaneously activating analytical processes (e.g., in cooperation with the Internet or other people) if the intuitive process does not work at the time of the actual diagnosis. However, this alone is just a makeshift solution; as pointed out by Schön, it is necessary for the reflective practitioner to further reflect on action. That is, the physician or the team should reflect on the behavior after the occurrence of the failure in the diagnostic process, thereby utilizing the experience and preventing errors in similar situations in the future. Diagnostically challenging cases would be great to discuss at a conference for the reflection. Such cases would be ones which were experienced by the case presenter or discussants. In the conference, participating physicians would compare the final diagnosis to their initial diagnosis, and try to be creative to develop diagnostic principles and to find clinical pearls learned from the diagnostic errors, thus improving diagnostic skills and avoiding unexpected diagnostic errors in the future. The more important skill is the reflection for action. This mode of reflection allows physicians to set verbalized and explicit tasks to improve their manner of the diagnostic thinking and hence to avoid biases causing diagnostic errors; doctors can thus repeatedly train themselves based on those tasks focusing on their growth. The above mentioned gap between experts and non-experts in the growth curve may very well be closed by the practice of "on" and "for" rather than "in". The practice of "in" alone just renders phisicians a stopgap problem-solving technique; there is no potential for performance improvement unless some inspiration is fortunately acquired. On the other hand, with the inclusion of "on" and "for", the growth curve can become steeper. This concept can lead to the explanation of a model for lifelong continuous medical education on diagnostic expertise.
There have been studies reporting reflection is beneficial in education on diagnostic skill to medical resident physicians, while the effect is reported to be inconclusive for students. [13] [14] [15] [16] For residency curriculum, reflection for action can be introduced into two phases: problem-based case discussion during off the job training; during patient encounters in the outpatient clinic, urgent care clinic, emergency room, or in-hospital rotation. Such application throughout medical career will enable learners to have well-grounded growth.
Although further investigations of comparative effectiveness among three reflections, applying these reflections, emphasizing reflection for action, can be speculated as more effective than the conventional and non-focused reflection because this focused reflection will lead to a guideline to one's continuous medical education. By applying reflection for action, physicians would also become to make it a habit to verbalize the diagnostic thinking process and extrapolate ideas taken from specific cases to generalize and replicate or apply a better diagnostic thinking process. In this way, physicians will be able to steadily develop their diagnostic reasoning skill by identifying learning issues that are specifically clarified in daily clinical settings. While there is no shortcut, the implementation of the concept of the three reflections is a solid and feasible strategy for the mastery in diagnosis.
